This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



re Application of 
Makoto NAGATA et al. 
Serial No. 09/977.994 
Filed: October 17, 2001 



Customer Number 20277 
Confirmation Number 4496 
Group Art Unit: 2857 
Examiner West, Jeffrey R 



For: METHOD AND APPARATUS FOR ANALYZING A SOURCE CURRENT 
WAVEFORM IN A SEMICONDUCTOR INTEGRATED CIRCUIT 



VERIFICATION OF ENGLISH TRANSLATION 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 



RECEIVED 

FEB 2 4 2004 



I, Junichi Kawabata, declare that I am conversant in both the Japanese and 
English languages and that the English translation as attached hereto is an accurate 
translation of Japanese Patent Application No. 2001-26795 filed on February 2, 2001. 



Signed this 4th day of February, 2004 




Junichi Kawabata 



JAPAN PATENT OFFICE 



This is to certify that the annexed is a true copy of the following 
application as filed with this Office. 

Date of Application: February 2, 2001 

Application Number: Patent Application No. 2001-026795 
[ST.10/C] : [ JP2001-026795] 

Applicant (s) : Semiconductor Technology Academic 

Research Center 



Commissioner, 

Japan Patent Office 

(seal) 



Document Name : 

Docket No. : 

Date of Application: 

Addressee: 

International Patent 
Classification: 



Application for Patent 
175151 

February 2, 2001 

Commissioner, Patent Office 

G01R 29/26 
H01L 21/82 
G06F 17/50 



Inventor (s) : 
Address : 

Name: 

Address ; 

Name : 



707, Comfort N Biru II, 2-1-29, Danbara, 
Minami-ku, Hiroshima-shi, Hiroshima- ken 
Makoto NAGATA 

2-360-1-301, Kagamiyama, Higashihiroshima-shi, 
Hiroshima- ken 
Atsushi I WAT A 



Applicant : 

Identification No. 396023993 

Address: 16-10, Shinbashi 6-chome, Minato-ku, Tokyo 

Name: Semiconductor Technology Academic Research Center 



Patent Attorney (s) : 

Identification No, 
Name: 

Identification No, 
Name : 



100062144 
Tamotsu AOYAMA 

100086405 
Osamu KAWAMIYA 



Payment of Fees: 

Prepayment Book No.: 013262 
Amount to be paid: 21,000 



Attached document: 
Item: 
Item: 
Item: 

Registration No. 
of General Power 



Specification 1 copy 

Drawing 1 copy 

Abstract 1 copy 
9608010 



Request for proof transmission: Yes 



t 



1 

(English Translation of JP2001- 26795) 

[Document Name] Specification 
[Title of* the Invention] 

METHOD AND APPARATUS FOR ANALYZING A SOURCE CURRENT 
WAVEFORM IN A SEMICONDUCTOR INTEGRATED CIRCUIT 
5 [Claims] 

1 . A method of analyzing a waveform of a source current 
in a semiconductor integrated circuit including a digital circuit 
having a plurality of logic gates, comprising: 

representing the digital circuit, according to a 
10 distribution of switching operations of the logic gates in the 
digital circuit, as a parasitic capacitor series which is a time 
series of parasitic capacitors each connected between a source 
line and a ground line to be charged, and a group of parasitic 
capacitors each charged statically; 
15 generating an analysis model by coupling one end 

of the parasitic capacitor series, one end of the group of 
parasitic capacitors charged statically, and parasitic 
impedance of the source line, and connecting the other end of 
the parasitic capacitor series, the other end of the group of 
20 parasitic capacitors charged statically, and parasitic 
impedance of the ground line; and 

determining the waveform of the source current in 
the digital circuit from the analysis model. 

2. The method according to claim 1, wherein the 
25 parasitic capacitor series and the group of the parasitic 

capacitors statically charged are assigned for a group of the 
logic gates included in each segment, where the digital circuit 
is divided into a plurality of segments along the border at which 
the parasitic impedances of the source line and the ground line 
30 are locally increased. 
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3. The method according to claim 1, wherein each 

parasitic capacitor included in the parasitic capacitor series 
is determined every predetermined time interval, and wherein 
the length of the time interval is set according to a frequency 
5 of the switching operations of the logic gates in a period of 
time at which the parasitic capacitors are determined. 
4 . The method according to claim 3, wherein the length 

of the time interval is set to be of shorter as the frequency 
of the switching operations is greater. 
10 5. The method according to claim 1, wherein capacitance 

of the parasitic capacitor to be charged is calculated from input 
and output capacitance of the logic gates in the digital circuit 
to be analyzed. 

6. A method of analyzing a substrate noise comprising: 
15 regarding, as a substrate noise, a change in voltage 

which is caused by an interaction between the source current 
in the digital circuit determined from the analysis model and 
the parasitic impedances of the source line and the ground line; 
and 

2 0 using the method of any one of claims 1 to 5 with 

the regarded change in voltage to analyze the substrate noise. 

7. A method of designing a semiconductor integrated 
circuit which includes analog and digital circuits, comprising: 

receiving the design specification; 
25 designing the analog and digital circuits according 

to the design specification; 

analyzing a substrate noise generated in the digital 
circuits using the method of claim 6; and 

re-designing the analog and digital circuits or 
30 their layout and the location of guard bands by reviewing the 
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result of the substrate noise analysis so that the design 
specification is satisfied. 

8. An apparatus for analyzing a waveform of a source 
current in a semiconductor integratedcircuit including a digital 

5 circuit having a plurality of logic gates, comprising: 

arrangement for representing the digital circuit, 
according to a distribution of switching operations of the logic 
gates in the digital circuit, as a parasitic capacitor series 
which is a time series of parasitic capacitors each connected 
10 between a source line and a ground line to be charged, and a 
group of parasitic capacitors each charged statically; 

arrangement for generating an analysis model by 
coupling one end of the parasitic capacitor series, one end of 
the group of parasitic capacitors charged statically, and 
15 parasitic impedance of the source line, and connecting the other 
end of the parasitic capacitor series, the other end of the group 
of parasitic capacitors charged statically, and parasitic 
impedance of the ground line; and 

arrangement for determining the waveform of the 
20 source current in the digital circuit from the analysis model. 

9. The apparatus according to claim 8, wherein the 
parasitic capacitor series and the group of the parasitic 
capacitors statically charged are assigned for a group of the 
logic gates included in each segment, where the digital circuit 

25 is divided into a plurality of segments along the border at which 
the parasitic impedances of the source line and the ground line 
are locally increased. 

10. The apparatus according to claim 8, wherein each 
parasitic capacitor included in the parasitic capacitor series 

30 is determined every predetermined time interval, and wherein 
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the length of the time interval is set according to a frequency 
of the switching operations of the logic gates in a period of 
time at which the parasitic capacitors are determined. 

11. The apparatus according to claim 10, wherein the 
5 lengthof the time interval is set tobe of shorter as the frequency 

of the switching operations is greater. 

12. The apparatus according to claim 8, wherein 
capacitance of the parasitic capacitor to be charged is 
calculated from input and output capacitance of the logic gates 

10 in the digital circuit to be analyzed. 
[Detail Description of* the Invention] 
[0001] 

[Field of* the Invention] 

The present invention relates to a technology for 
15 designing a large-scale semiconductor integrated circuit, or 
particularly to a method of analyzing a source current across 
a logic circuit ina large-scale semiconductor integrated circuit 
and a technology for circuit designing with the method. 
[0002] 
2 0 [Prior Art] 

As electronic devices in a large-scale integrated 
circuit (referred to as "LSI", hereinafter) have been reduced 
in the size, digital circuits patterned in the LSI are scaled 
out and improved in a operation speed. However, such LSIs and 
25 their application systems generally suffer from degradation in 
the performance due to the generation of noises which results 
from a change in the source current flowing across the LSI circuits 
during the operation. 
[0003] 

30 Fig. 10 illustrates a mixed analog/digital 
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integrated circuit (referred to as "AD hybrid LSI " hereinafter) . 
As shown, a single semiconductor chipmounts an analog-to-digital 
converter (ADC) for converting analog signals received from an 
outside to a digital signal at high accuracy, analog circuits 
5 including a clock generator circuit (PLL) for supplying a 
high-speed clock signal to built-in digital circuits, and the 
digital circuits including a microprocessor (CPU), and a digital 
signal processor (DSP) for processing the input signals. 
[0004] 

10 In such an AD hybrid LSI chip, substrate noises 

generated from the digital circuits may leak and dissipate via 
the silicon substrate, the LSI chip package, or the wirings on 
a printed circuit board (PCB) to the analog circuits of which 
operations are thus disturbed. More particularly, the ADC may 

15 be declined in the accuracy of conversion, the PLL may be increased 
in the fracture of clock frequency, and the performance of the 
chip itself may thus be degraded or operate in error. 
[0005] 

The principal cause of substrate noise generation 
20 is a change in voltage generated when the source current of the 
digital circuits flowing through internal power-supply and 
ground wirings, which connect the external power supply to the 
LSI chip, interacts with the parasitic impedances parasitic on 
those wirings on the basis of physical laws such as Ri and Ldi/dt . 
25 [0006] 

Electromagnetic noises emitted from the LSI may also 
interfere and decline the operation of the peripheral electronic 
circuits. The electromagnetic noises is caused by the 
electromagnetic interaction which reflects a change in the source 
30 current of the digital circuits. 
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[0007] 

As clearly understood, the generation of noises 
largely depends on a change in the source current. It is hence 
desired to provide an analysis method for estimating waveform 
5 of the source current in each large-scale digital circuit block 
at high speed and high accuracy, by which VLSI designers can 
apply effectively measures to avoid. 
[0008] 

A couple of conventional methods of analyzing the 
10 waveform of a source current are referenced. A first method 
includes expanding the digital circuits to a transistor level 
and using a circuit simulator for transition analysis thus to 
examine the waveform of the source current. A second method 
includes approximating the waveform of a consumed current at 
15 each logic gate in the digital circuits to a triangle wave and 
then summing the waveforms of the currents of the digital circuits 
to have a waveform of the source current (K. Shimazaki, H. 
Tsujikawa, S. Kojima, and S. Hirano, "LEMINGS: LSI f s EMI-Noise 
Analysis with Gate Level Simulator", the proceedings of IEEE, 
20 ISQED2000) . In the secondmethod, the charging and discharging 
processes involved in the switching operation complete for a 
comparable period of switching time. 
[0009] 

[Problems to be solved by the Invention] 

25 The two conventional methods above described have 

the following drawbacks. The first method provides a higher 
level of the analysis accuracy but increases the execution time 
required for the circuit simulation on a large-scale digital 
circuit and will hence be unsuited for particular applications, 

30 such as design optimization of the source/ grounding system for 
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minimizing the generation of noises, where the simulation has 
to be repeated at each requirement of the design. High-speed 
simulation is expected by the use of logic simulators in the 
second method. However, in practice, the digital circuit 
5 permits the charging and discharging electricity to be moved 
at a high speed due to the re-distribution of charges among the 
parasitic capacitor at the initial state of the switching 
operation. This is followed by the external source supplying 
a charge which has a time constant a few times greater than the 

10 switchingperiod. The secondmethod fails to include those steps . 
Accordingly, the waveform of the source current will hardly be 
reproduced at high accuracy. The second method will be unsuited 
for analyzing noises sensitive to a change with time in the source 
current . 

15 [0010] 

The present invention has been developed for solving 
the foregoing drawbacks and its object is to provide a method 
and an apparatus for analyzing the waveform of a source current 
at an enhanced accuracy and a higher speed with consideration 

20 of re-distribution of charges throughout the digital circuit. 
It is another object of the present invention to provide a method 
of analyzing substrate noises and a method of designing LSI with 
low noise which both employ the above method of analyzing the 
waveform of a source current at an enhanced accuracy and a higher 

25 speed. 
[0011] 

[Means for Solving the Problems] 

An analyzing method according to the invention is 
a method of analyzing a waveform of a source current in a 
30 semiconductor integrated circuit including a digital circuit 
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having a plurality of logic gates is provided. The method 
includes expressing the digital circuit, according to a 
distribution of switching operations of the logic gates in the 
digital circuit, as a parasitic capacitor series which is a time 
5 series of parasitic capacitors each connected between a source 
line and a ground line to be charged, and a group of parasitic 
capacitors each charged statically; generating an analysis model 
by coupling one end of the parasitic capacitor series, one end 
of the group of parasitic capacitors charged statically, and 

10 parasitic impedance of the source line, and connecting the other 
end of the parasitic capacitor series, the other end of the group 
of parasitic capacitors charged statically, and parasitic 
impedance of the ground line; and determining the waveform of 
the source current in the digital circuit from the analysis model . 

15 [0012] 

In the method, the digital circuit may be divided 
into a plurality of segments along the border at which the 
parasitic impedances of the source line and the ground line are 
locally increased. Then the parasitic capacitor series and the 
20 group of the parasitic capacitors statically charged may be 
assigned for a group of the logic gates included in each segment. 
[0013] 

In the method, the capacitance of each parasitic 
capacitor included in the parasitic capacitor series may be 
25 determined every predetermined time interval. Then the length 
of the time interval may be set according to a frequency of the 
switching operations of the logic gates in the time interval. 
[0014] 

For example, the length of the time interval may 
30 be set tobeof shorter as the f requencyof the switching operations 
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is greater. 
[0015] 

In the method, capacitance of the parasitic 
capacitor to be charged may be calculated from input and output 
5 capacitance of the logic gates in the digital circuit to be 
analyzed. 
[0016] 

An analyzing method of a substrate noise according 
to the invention includes regarding, as a substrate noise, a 

10 change in voltage which is caused by an interaction between the 
source current in the digital circuit determined from the 
analysis model and the parasitic impedances of the source line 
and the ground line, and using the above method of analyzing 
a waveform of a source current with the regarded change in voltage 

15 to analyze the substrate noise. 
[0017] 

A designing method according to the invention is 
a method of designing a semiconductor integrated circuit which 
includes analog and digital circuits. The method includes: 

20 receiving the design specification; designing the analog and 
digital circuits according to the design specification; 
analyzing a substrate noise generated in the digital circuits 
using the above method of analyzing a substrate noise; and 
re-designing the analog and digital circuits or their layout 

25 and the location of guard bands by reviewing the result of the 
substrate noise analysis so that the design specification is 
satisfied. 
[0018] 

An analyzing apparatus according to the invention 
30 is an apparatus which analyzes a waveform of a source current 
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in a semiconductor integrated circuit including a digital circuit 
having a plurality of logic gates. The apparatus includes: 
arrangement for expressing the digital circuit, according to 
a distribution of switching operations of the logic gates in 
5 the digital circuit, as a parasitic capacitor series which is 
a time series of parasitic capacitors each connected between 
a source line and a ground line to be charged, and a group of 
parasitic capacitors each charged statically; arrangement for 
generating an analysis model by coupling one end of the parasitic 

10 capacitor series, one end of the group of parasitic capacitors 
charged statically, and parasitic impedance of the source line, 
and connecting the other end of the parasitic capacitor series, 
the other end of the group of parasitic capacitors charged 
statically, and parasitic impedance of the ground line; and 

15 arrangement for determining the waveform of the source current 
in the digital circuit from the analysis model. 
[0019] 

In the apparatus, the digital circuit may be divided 
into a plurality of segments along the border at which the 
20 parasitic impedances of the source line and the ground line are 
locally increased. Then the parasitic capacitor series and the 
group of the parasitic capacitors statically charged may be 
assigned for a group of the logic gates included in each segment. 
[0020] 

25 In the apparatus, the capacitance of each parasitic 

capacitor included in the parasitic capacitor series may be 
determined every predetermined time interval. Then the length 
of the time interval may be set according to a frequency of the 
switching operations of the logic gates in the time interval. 

30 [0021] 
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For example, the length of the time interval may 
be set tobe of shorter as the f requencyof the switching operations 
is greater. 
[0022] 

5 In the apparatus, capacitance of the parasitic 

capacitor to be charged may be calculated from input and output 
capacitance of the logic gates in the digital circuit to be 
analyzed . 
[0023] 

10 [Embodiments of the Invention] 

Amethod and an apparatus for analyzing the waveform 
of a source current will be described in the form of embodiments 
of the present invention will be described referring to the 
accompanying drawings. 
15 [0024] 

<Concept of Source Current Analysis Model> 

The description starts with the concept of a source 
current analysis model using the method of analyzing the waveform 
of a source current according to the present invention. 
20 [0025] 

The method of analyzing the waveform of a source 
current according to the present invention is based on the fact 
that the source current in a large-scale digital circuit depends 
significantly on a process of charging the load capacitance at 

25 the switching operation of each logic gate provided in the digital 
circuit. The method includes translating the large-scale 
digital circuit into a series of parasitic capacitors connected 
in time series between the power source and the ground according 
to a distribution of the switching operations of internal logic 

30 gates, and determining the waveform of a source current from 
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a current for charging and discharging the parasitic capacitors . 
A process of discharging the load capacitance at the switching 
operation of each logic gate is equal to a process of erasing 
the charge of the load capacitance stored by the preceding 
5 charging process with the use of a short-circuit current applied 
locally to the logic gate. Accordingly, the contribution of 
the discharging to the source current will approximately be 
negligible . 
[0026] 

10 More specifically, as shown in Fig, 1, the 

large-scale digital circuit is regarded as a group of load 
parasitic capacitors where connection of lines to both the source 
and the ground is switched by the logic state. Assuming that 
all of logical functions are ignored and the switching operation 

15 of logic gates only is involved, the large-scale digital circuit 
is then illustrated as an equivalent circuit which includes a 

group of capacitors ( Ec T ) parasitic to the logic gates arranged 
to perform a rise transition within a given length of time, a 

group of capacitors ( ECj ) parasitic to the logic gates arranged 
20 to perform a fall transition within the given length of time, 

and a group of capacitors ( 2c st ) parasitic to the logic gates 
arranged to remain unchanged in the given length of time. The 
equivalent circuit shown in Fig. 1 has each parasitic capacitor 
accompanied with a switching element for 

25 connecting/disconnecting one end of the capacitor to/from the 
source or ground. The switching operation of each logic gate 
is expressed by the switching operation of the switching element 
for switching the connection of the parasitic capacitor between 
the source and the ground. 

30 [0027] 
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In Fig. 1, a parasitic capacitor C s is a capacitor 
developed statically in a block, such as a de-coupling capacitor 
or a well capacitor in a CMOS device, and impedances Z d and Z g 
are parasitic impedances developed in the source line and the 
5 ground line, respectively. It is also noted that the rise 
transition means an operation in which an output of the logic 
gate shifts from a low level (equal to the potential of the ground 
line) to a high level (equal to the potential of the source line) . 
The fall transition means an operation in which an output of 
10 the logic gate shifts from the high level to the low level. 
[0028] 

As the groups of capacitors are distributed at higher 
density throughout the digital circuits in a semiconductor chip, 
other impedances parasitic on local wirings connecting the 

15 capacitors within the logic circuit may be as small as negligible . 
This allows the charges to be transferred at high speeds between 
the parasitic capacitors C T and Cj at the active logic gates 
and the static capacitors C s t and C s/ thus accelerating the 
switching operation of the logic gates. The static capacitors 

20 Cst and C s function as charge reservoirs during the charge 
re-distribution process . The charges to be charged are supplied 
from an external source. As the charges flow through the 
parasitic impedances Z d and Z g , they produce a source current 
having a time constant r , as shown below. Accordingly, the 

25 substrate noise varies at a speed several times slower than that 
of the switching operation. 

r = (Z d 4- Z g ) • (EC t + SC^ + SC st + C 5 ) "-(l) 

[0029] 

(Time division of parasitic capacitor series) 
30 For calculating a change with time of the source 
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current during the digital circuit operation, each capacitor 
in the series of parasitic capacitors is time-divided to be 
expressed in time series. As shown in Figs. 2A to 2C, the 
equivalent circuit is controlled with a period T and a number 
5 n indicative of an interval divided in the time (referred to 
as "a time interval" hereinafter) . The group of parasitic 
capacitors 2C T (nT) at the logic gates arranged to perform the 
rise transition and the group of parasitic capacitors ECj (nT) 
at the logic gates arranged to perform the fall transition, are 

10 classified to the group of capacitors Zc d i S (nT) to be discharged, 
and the group of capacitors Sc C h(nT) to be charged, respectively, 
and then summed in each of the discharged and charged capacitors 
group. It should be noted that in Fig. 2, "C xx (nT) " represents 
a capacitor C xx in the nth time interval. 

15 [0030] 

As shown in Fig . 2A, the group of parasitic capacitors 

SC T (nT) at the switching operation for rise in the nth time 
interval is classified into the group of capacitors to be 

discharged Ec d ±s(nT) and the group of capacitors to be charged 
20 SCch(nT) . Equally, as shown in Fig. 2B, the group of parasitic 
capacitors SC| (nT) at the switching operation for fall in the 
nth time interval is classified into the group of capacitors 

to be discharged 2c d is(nT) and the group of capacitors to be 
charged Sc C h(nT) . In Figs. 2A and 2B, the capacitor to be 
25 discharged is short-circuited by the switching operation, while 
the capacitor to be charged is connected between the source line 
and the ground line by the switching operation. 
[0031] 

The charge Q(nT) transferred by the charge 
30 re-distribution in the nth time interval is then expressed by: 
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Q(nT) = (SC T (nT) + ZC t (nT) ) • —(2) . 

For the charge expressed by the above expression, the charge 
to be discharged Qdis(nT) and the charge to be charged Q C h(nT) 
are expressed by: 
5 Q^nT) = (SC^nT) + ZC^JnT) ) • ...(3) 

Q ch (nT) = (SC cM (nT) + SC ch4 (nT) ) ■ V M -(4) . 

[0032] 

While the discharged charge Qdis(nT) is 
substantially eliminatedby a short-circuit current at each logic 
10 gate, the charged charge Q C h(nT) is received from the source 
and distributed throughout the digital integral circuit for 
storage. The external source plays a role of feeding Q C h(nT) 
constantly. 
[0033] 

15 As the energy E ch (nT) (=Q C h(nT) • V dd ) is consumed at 

this step, it may not concern how the static energy (=E ch /2) 
accumulated in the digital circuit is distributed at the 
following discharging step . Even though the group of capacitors 

SCch, t ( nT ) 9 2c C h, i ( nT ) to be charged are connected between the 
20 source line and the ground line in one time interval (nth time 
interval) and disconnected from the lines by short-circuiting 
these capacitors in the succeeding time interval ( (n+1) th time 
interval), role of the external source will not be affected. 
This process is repeated in every time interval and resultant 
25 waveforms of the source current determined through interaction 
with the parasitic impedances on the source line and the ground 
line are linearly superimposed. Accordingly, the waveform of 
the source current during a continuous operation of the digital 
circuit is obtained. As a result, the effect of the 
30 re-distribution of charges throughout the digital circuit is 
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included in the model, hence allowing the waveform of the source 
current to be analyzed at high fidelity in relation to the transfer 
of charges in the digital circuit. 
[0034] 

5 In the following description, the group of parasitic 

capacitors { 2 C C h, t ( nT ) / ^ c ch, i (nT) } is referred to as "a 
time-division parasitic capacitor series" . Fig . 2C illustrates 
the operation at the nth time interval of the time-division 
parasitic capacitor series. While the capacitors 2C C h, t ( nT ) 

10 and 2c C h, i ( nT ) are connected to between the source line and the 
ground line, Sc C h,t ( (n-l)T) and Ec cn , i ( (n-1 ) T) at the (n-l)th 
time interval are short-circuited. The capacitors at the other 
time intervals remain short-circuited. The capacitance can be 
estimated from the known input and output capacitances at the 

15 logic gates and the virtual pattern length based on the data 
of network connection of the digital circuit after the logic 
synthesis. After a layout is completed, the capacitance can 
be estimated by considering the parasitic capacitor at each line 
connecting the logic gates which are extracted from the layout 

2 0 data with higher accuracy. 
[0035] 

It is understood that the time interval T (=At) used 
for the time series division is not always identical between 
the time intervals but may be varied depending on the frequency 
25 of occurrence of logic switching operation. For example, the 
time interval can be varied depending on the frequency of the 
switching operation. The higher the frequency of occurrence 

in the time interval, the smaller the time interval T (=At) for 
time division may be assigned continuously. This will shorten 
30 the processing time required for the analysis. 
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[0036] 

The capacitor charged in each time interval is much 
smaller than a sum of the parasitic capacitors in the digital 
circuit. Then, the group of parasitic capacitors statically 
5 charged is approximated to one capacitor (equivalent to C s shown 
in Fig. 2C) which is equivalent to a sumof the parasitic capacitors 
in the digital circuit. The one capacitor is inserted between 
the source line and the ground line and is closer to the digital 
circuit than the parasitic impedance. 

10 [0037] 

(Segmentation) 

On a small-scale digital circuit, the parasitic 
impedances Z d and Z g across the source line and the ground line 
are mainly dependent on impedance components parasitic to 

15 off-chip parts including the bonding wires between the LSI chip 
and an external source, the lead frame of a package, and the 
wiring of a printed circuit board. Thus only these impedance 
components may be considered for analysis of the source current 
on a small-scale digital circuit . On the contrary, a large-scale 

20 digital circuit has the long source line and the long ground 
line, and hence parasitic impedance in its metal wires in the 
chip have to be considered. 
[0038] 

In this embodiment of the present invention, the 
25 source line and the ground line in a digital circuit are segmented 
at a place at which parasitic impedance locally rises, such as 
joints between a main line and a branch line which are different 
in a wire width. The time division parasitic capacitor series 
are calculated from each group of logic gates included in each 
30 segment. The segmentation is based on a wiring pattern of the 
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source line and the ground line on the layout. For example as 
shown in Fig. 3A, when the source line 41 and the ground line 
43 of each horizontal logic cell in a typical cell base LSI 
structure are bundled together with vertical wires 51 and 53, 
5 the segments may be defined by Mi, M 2/ ... as pairs of the source 
line 41 and the ground line 43 (of each logic cell) . The segments 
Mi, M 2 , . . . are connected to the source V dd as shown in Fig. 3B. 
[0039] 

Similarly, the group of parasitic capacitors 
10 statically charged in each segment is approximated to one 
capacitor which is equivalent to a sum of the parasitic capacitor 
of the digital circuitry in the segment. The one approximated 
capacitor is inserted between the source line and the ground 
line and is closer to the digital circuit than the parasitic 
1 5 impedances . 
[0040] 

As described above, considering that only the 
process of charging load capacitance on the switching operation 
of the logic gates in the digital circuit contributes to the 

20 generation of the source current in the large-scale circuit, 
the model of the source current analysis can be achieved by using 
the time division parasitic capacitor series by which the 
large-scale digital circuit is represented with a group of 
parasitic capacitors connected to be charged in a time series 

25 between the source and the ground according to a distribution 
of the switching operations of the internal logic gates, and 
a group of parasitic capacitor remaining statically charged. 
Preferably, the time division parasitic capacitor series are 
provided in each segment defined by the borders where the 

30 parasitic impedance locally rises. 
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[0041] 

(Improvement of analysis accuracy) 

The above analysis model fails to account the loss 
of charge due to direct current short-circuiting between the 
5 source line and the ground line provided by the switching 
operation of each logic gate. When the loss of charge is 
accounted, the analysis accuracy can further be improved. 
[0042] 

On the switching operation, the logic gate generates 
10 a source short-circuit and a ground short-circuit in a shorter 
moment than the switching period (T sw ) . The charge Q sc to be 
lost (referred to as "a short-circuited charge" hereinafter) , 
in a CMOS inverter circuit, is calculated approximately from: 
Q sc = {Beta/ (2 4 • V M ) } • (V^ - 2 • V th ) 3 • T sw •» (5) 
15 where V t h and Beta are the threshold and the Beta value of an 
N or P type MOSFET, and V dd is the source voltage. 
[0043] 

This process is carried out in parallel with the 
discharging of a charge Q d i S and the charging of a charge Q C h 
20 with the switching operation. The short-circuited charge Q sc 
is received from a closer charge reservoir by the re-distribution 
of charges. 
[0044] 

However, unlike the discharged charge Qd± S f the 
25 external source has to add a charge equivalent to the circuited 
charge Q sc to Q C h to supply the charge. In this case operation 
can also be expressed equivalent. 
[0045] 

More particularly, as the capacitance C sc calculated 
30 from the following equation is added as a correction to the rise 
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or fall capacitance in each gate circuit (See Table 1 of load 
capacitance) , the model of time division parasitic capacitor 
analysis can incorporate the effect of the short-circuited charge 
Q sc thus increasing the analysis accuracy. 
5 Q = C • V M (6) 

^sc sc dd x ' 

[0046] 

Generally in the digital circuit, the Beta value 
of a standard cell is standardized to a reference value or its 
integral multiple and also, the standard cell is selected so 
10 that the switching period T sw remains ideally constant. 
Accordingly, the capacitor C sc niay be a constant. 
[0047] 

As the MOSFET is reduced in the size, its switching 
performance can be improved. This reduces the switching period 

15 T sw and lowers the source voltage V dd set for ensuring the operating 
reliability of the device. The short-circuited charge Q sc is 
proportional to the first power of switching period T sw and the 
square of the source voltage V dd . Hence, the error developed 
by the short-circuited charge Q sc in the model of time division 

20 parasitic capacitor analysis will be decreased as the MOSFET 
declined in the size. When this model is used for the analysis 
of source current in a digital circuit, the short-circuited 
capacitor may be negligible in the initial approximation. 
[0048] 

25 (Method of analyzing the source current in a large-scale digital 
circuit) 

A method of analyzing the source current in a 
large-scale digital circuit with the use of the above described 
model will now be described. Fig. 4 is a flowchart showing the 
30 method of analyzing the waveform of the source current. The 
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method comprises five primary steps SI to S5. 
[0049] 

The input process SI generates a net list at the 
gate level of a hardware description language (e.g. Verilog HDL) 
5 or a net list at the transistor level of a circuitry description 
language (e.g. SPICE) for the digital circuit to be subjected 
to the analysis of the source current. Also, a test vector is 
produced in which input signals are described for actuating the 
digital circuit to be analyzed. To make segmentation by the 

10 source line 41 and the ground line 43 as shown in Fig. 3, names 
of the source node and the groundnode are assigned to each segment , 
and the connection between the logic gate or circuit element 
and the segment is explicitly provided to the net list. If no 
segmentation is made, the connection between the logic gate or 

15 circuit element and the segment may not be included in the net 
list. Also, for an analysis reflecting accurately a delay of 
the operation of the logic gate in the digital circuit, the net 
list can preferably include signal line delay model extracted 
from the layout pattern or information about elements parasitic 

20 to signal lines. 
[0050] 

The circuit node connection analyzing process S2 
analyzes the net list for the digital circuit to be analyzed 
to generate a table of the load capacitances for the digital 

25 circuit. The load capacitance table denoted by Table 1 
illustrates the relationship between the load capacitances in 
the rise transition at the output node of each logic gate in 
the digital circuit to be analyzed, the load capacitance in the 
fall transition at the same, and the segment in which the logic 

30 gate is included. Specifically, the process S2 extracts from 
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the net list the output node of the logic gate provided in the 
digital circuit to be analyzed, and then determines the 
respective load capacitances C C ht and C ohi to be charged at the 
rise and fall switching operations of the logic gate in relation 
5 to each extracted output node. The load capacitance can be 
determined by calculating the capacitance to be charged at the 
rise and fall switching operations from the output capacitance, 
the input capacitance of the succeeding logic gate group and 
the capacitance of the wiring which have been extracted. 

10 

Table 1 . Load Capacitance Table 
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Fall charged load 
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/ n 
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[0051] 

The switching operation recording process S3 
analyzes and records in a time domain the switching operation 

15 on the output node of each logic gate in the digital circuit 
to be analyzed with the test vector for analyzing. Specifically, 
it is analyzed how the switching operation on the output node 
of each logic gate in the digital circuit to be analyzed transits 
in a time interval (Ty) in relation to the test vector. For the 

20 purpose, the process simulates the operation in the time domain 
with the test vector in the digital circuit to be analyzed using 
a time domain simulator operable to description type of the net 
list, and then records the switching time and the switching 
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direction of the output node . The switching direction indicates 
whether the switching operation is on the rise transition or 
the fall transition. More particularly, it is analyzed or 
recorded whether each of the output nodes N x , N 2 , ... is on the 
5 rise transition or the fall transition, or each of the output 
nodes remains unchanged in the time interval in relation to the 
test vector as shown in Table 2 before recording the result. 



Table 2. Switching Operation Record 
Time interval 
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( T "" rise transition, I •** fall transition, — no change) 



10 [0052] 

The time division parasitic capacitor series model 
generating process S4 calculates a sum of the load capacitances 
to be charged in each segment and each time interval divided 
on the time basis at each of the switching operations recorded 

15 in the switching operation recording process S3. More 
specifically, the table of time division parasitic capacitors 
for each segment is compiled, as shown in Table 3, where the 
sum C xy of the load capacitances to be charged (x : the segment, 
y : the time interval) is listed in each time interval. It is 

20 noted that in Table 3 i and j point out the charged parasitic 
capacitors of the rise and fall switching nodes, respectively, 
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in the segment M x and the time interval T y . The table of time 
division parasitic capacitors is prepared for each test vector 
throughout one digital circuit to be analyzed. 

Table 3. Time Division Parasitic Capacitor Series Table 
Time — * 

^At^ <-At-> 
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(C xy = 2C cht#i + *C chltj ) 

5 

[0053] 

In the time division parasitic capacitor series 
table, the sum of load capacitances C xy of one segment M x and 
in one time interval T y is calculated as the following. First, 
10 all the output nodes in the segment M x are specified from the 
load capacitance table (Table 1) . Referring to the switching 
operation record (Table 2) , for each specified node, the 
operation state (rise/fall/no change) in the time interval T y 
is determined. Then, for each output node, the load capacitance 

15 C C hT,i or c <=hi,j to be charged is determined according to the 
operation state with reference to the load capacitance table 
(Table 1) . The load capacitances to be charged which are thus 
determined according to the operation state of the output nodes 
are then summed to provide total capacitance C xy . 

20 [0054] 

Then, a net list of time division parasitic capacitor 
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series which is sub-circuited for each segment Mi (i=l/ 2, . . . ) 
divided by each source line and each ground line is generated 
in a circuit description language. Each capacitor in the time 
division parasitic capacitor series in the net list is described 
5 together with the switching elements, as shown in Fig, 2C. The 
switching element operates on the time basis so that a capacitor 
with which the switch is inserted between the source and the 
ground to charge the capacitor in a time interval (i) , and then 
the capacitor is discharged locally in the next time interval 
10 (i+1) . 
[0055] 

For the net list generated above, the source current 
analyzing process S5 adds appropriate wiring impedance between 
the digital circuit and the external voltage source, and if 
15 necessary in the segments for the netlistof the capacitor series . 
Afterward the process S5 analyzes the waveform of the source 
current in the net list using a transition analysis function 
of a circuit simulator. 
[0056] 

20 As explained, the method of analyzing the source 

current describes the large-scale digital circuit as a series 
of capacitors each of which is charged on each time interval 
on the time basis, in the time division parasitic capacitor series 
model. Thus, it is possible to provide a simulationmethod capable 

25 of analyzing at high speed and high accuracy the waveform of 
the source current considering the process of re-distribution 
of charges throughout the digital circuit. For generating the 
model of the time division parasitic capacitor series, it is 
essential to execute once an operation simulation at a high 

30 accuracy in time domain with each test vector for the digital 
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circuit including some hundred thousands to millions of the logic 
gates. This simulation may take a considerable length of time 
to be carried out. However, once produced, the model can be 
used for analyzing. That is, only one particular capacitor may 
5 be simulated in each time interval thus speeding up the simulation . 
Accordingly, in designing which needs the source current 
simulation to be repeated under different conditions, the 
following estimations can be performed efficiently, such as 
estimation of the effect of impedances in the source and ground 
10 lines over the source current waveform, optimum structural 
designing of the de-coupling circuit for attenuating noises, 
and estimation of the emission of electromagnetic waves. 
[0057] 

<Apparatus for Analyzing Source Current in LSI> 
15 Fig. 5 is a block diagram of a source current 

analyzing apparatus implementing the method of analyzing the 
waveform of the source current. Five function blocks 11 to 15 
in the apparatus correspond to the five steps of the above 
described method, respectively. The functions of the apparatus 
20 may be implemented by a computer system with a CPU executing 
relevant programs . 
[0058] 

The input section 11 inputs a net list on the gate 
level in a hardware description language or a net list on the 

25 transistor level in a circuitry description language, each 
related to the digital circuit to be subjected to the analysis 
of the source current. Also, The input section 11 inputs a test 
vector which describes input signals for actuating the digital 
circuit to be analyzed. To segment the source line and the ground 

30 line as shown in Fig. 3, Names are assigned to each source node 
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and each ground node in each segment, the connection relation 
between the logic gate or circuit element and the segment is 
explicitly provided to the net list. It is noted that if no 
segmentation is involved, the connection between the logic gate 
5 or circuit element and the segment may not be provided to the 
net list. Also, for considering a delay of the operation at 
the logic gate in the digital circuit during the analysis, data 
about signal line delay model extracted from the layout or 
information of signal lines parasitic elements can preferably 
10 be included in the net list. 
[0059] 

The circuit node connection analyzer 12 analyzes 
the net list for the digital circuit tobe analyzed thus to generate 
the load capacitance table (See Table 1) for the digital circuit . 
15 The load capacitance table is stored in a recording means 21. 
[0060] 

The switching operation recorder 13 analyzes and 
records in a time domain the switching operation in (or on) the 
output node of each logic gate in the digital circuit to be analyzed 

20 for the test vector. More specifically, it is analyzed how the 
switching operation in (or on) the output node of each logic 
gate in the digital circuit proceeds in a time interval in relation 
to the test vector. For the purpose, using the test vector, 
the switching operation recorder 13 makes a simulation to analyze 

25 in the time domain an operation of the digital circuit to be 
analyzed, and records the switching time and the switching 
direction of the output node as the switching operation record 
(See Table 2) in the recording means 23. 
[0061] 

30 The time division parasitic capacitor series model 
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generator 14 classifies the switching operation in each segment 
and each time interval on the time basis with reference to the 
switching operation recording, and then calculates a sum of the 
load capacitances to be charged in each segment and each time 
5 interval, thereby generating a time division parasitic capacitor 
series table (See Table 3) . Then, a net list of time division 
parasitic capacitors which is sub-circuited by each segment 
divided by each source line and each ground line is generated 
in the circuitry description language . The net list is recorded 
10 to the recording means 25. 
[0062] 

The source current analyzer 15 adds a capacitor being 
statically charged and an appropriate line impedance between 
the digital circuit and the external source, and if necessary 

15 between the segments in the net list of time division parasitic 
capacitors . The source current analyzer 15 includes a simulator 
for transition analysis, such as a circuit simulator, . for 
analyzing the waveform of the source current in the net list 
developed by the transition analysis. 

20 [0063] 

<Examples of Source Current Analyzing Method> 

Some exemplary applications of the source current 
analyzing method will now be provided below. 
[0064] 

25 (Application 1: Analysis of Substrate Noise) 

Using the source current analyzing method, the 
waveform of a substrate noise generated by a shift register as 
a common digital circuit was analyzed. The analysis of substrate 
noise is performed using the above described source current 

30 analyzing method, regarding a change in voltage caused by the 
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source current as the substrate noise in the semiconductor 
integrated circuit, where the change in voltage is caused by 
the source current which flows, according to the operation of 
the shift register, through a linear resistor (1 ohm) inserted 
5 between the source line and the ground line. 
[0065] 

A test circuit has ten blocks, each comprising a 
couple of eight-bit shift registers, connected to the same input 
for parallel operation . The eight-bit shift register comprises 
10 eight common D-type flip flops (DFF) each of which is connected 
in serial, included in a standard cell library, and designed 

by a 0 . 6 |im CMOS technology. The test circuit includes 10,000 
elements as a total. For the test circuit, with the device 

parameters for 0.6 jam CMOS technology (P type substrate-N type 
15 single well structure) , simulation is done based on the circuit 
net list described at the full transistor level. During the 
simulation, the charged capacitance for each time interval at 
T=250 ps andT=10 ps are extracted, and generates the time division 
parasitic capacitor series . The capacitor to be charged in each 
20 block is much smaller than the parasitic capacitor generated 
between the source line and the ground line throughout the test 
circuit . Accordingly, a sum of the parasitic capacitors between 
the source line and the ground line is expressed as the static 
capacitor C s serving as a charge reservoir. 
25 [0066] 

Figs. 6A to 6C illustrate the result of the analysis 
in case that the parasitic impedances on the source and ground 
lines is regarded as serial resistance R p =l. The waveform of 
the substrate noise thus represents the source current. Fig. 
30 6A is provided for a net list described in full transistor level 
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(conventional method) , Fig, 6B is provided for a model with T=10 
ps (the present invention), and Fig. 6C is provided is for a 
model with T=250 ps (the present invention) . Three different 
waveforms of the substrate noise are illustrated at the upper, 
5 center and lower parts for three different inputs of the shift 
register as 00000000, 00110011, and 01010101, respectively. 
The result of the analysis from the net list described in full 
transistor level is deemed as a reference waveform. While 
degrees of the activation in the circuit are different for the 

10 three input patterns, the waveform in each model is similar to 
that of Fig. 6A. It is hence apparent that the source current 
is accurately analyzed from the models . Regarding with CPU time 
required for analyzing a period of 200ns, a case of Fig. 6A shows 
2500 seconds as required time, both cases of Figs. 6B and 6C 

15 show a required time smaller than 10 seconds, which means 250 
or more times faster than that of Fig. 6A. 
[0067] 

A test chip including the test circuit and the 
substrate noise detector circuit was fabricated by the 0.6 \xrci 

20 CMOS technology. Figs. 7A and 7B illustrate the waveform of 
actual substrate noises when the test circuit is activated by 
the same manner as of generating the time division parasitic 
capacitor series. Figs. 8A and 8B show the simulated waveform 
of substrate noises with the parasitic impedances on the source 

25 line and the ground line including a serial inductance L p =10 
nH and a resistance Rp=l ohm, using the time division parasitic 
capacitor model with T=250 ps. In the figure also shown are 
the respective waveform of substrate noises generated when the 
state of activation modifies according to different numbers of 

30 the paired shift resistors. Both of the actual waveform and 
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the simulated waveform shown in Figs, 7A to 7B and 8A to 8B are 
very similar to each other . As clearly apparent, the two waveform 
are quantitatively identical in the frequency components and 
the relative amplitude. It is apparent that this model can 
5 represent a generation of the substrate noise accurately. It 
is noted that a difference in the absolute value of the amplitude 
between the two waveforms may be derived from the fact that the 
actual waveform contains an effect of attenuation generated when 
the substrate noise propagates from a point of generation to 
10 a detector circuit. This can be achieved easily by analysis 
using a combination of this model and a resistance mesh model 
of the substrate, and the operation of quantitative estimation 
may be feasible. 
[0068] 

15 The P type substrate on which the test circuit is 

formed is connected by low impedance to the ground line in this 
example. Therefore in this application, the analysis is 
performed assuming that the major cause of the generation of 
substrate noises is a leak of a voltage change on the ground 

20 line into the substrate. The result of the analysis indicates 
that the substrate noises can be simulated at an enough high 
accuracy with the method of analyzing the substrate noise. 
However, with regard to the discharged current of the parasitic 
capacitor which is negligible in the source current analyzing 

25 method with the time division parasitic capacitor series model, 
the short-circuited path of the discharged current may include 
a part of the substrate. Handling separately a change in the 
substrate potential according to the discharged current allows 
local components of the substrate noise to be analyzed at higher 

30 accuracy. 
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[0069] 

(Application 2 : Design Optimization for Low Noise Logic Circuit) 
The analyzing method of the present invention is 
applicable to the analysis of the source current waveform and 
5 the substrate noise in a low switching noise logic circuit such 
as depicted in Japanese Patent No. 2997241 and U.S. Patent No. 
6,144,217, and is also applicable to the optimization of low 
noise designing. In the low switching noise logic circuit of 
the patent, a static capacitor is added to at least one of the 

10 source terminal or the ground terminal of a CMOS circuit in the 
digital circuit. A resistance (extra resistance) is inserted 
between a terminal connected to the static capacitor (extra 
capacitor) and a power supply. Thus, the noise of peak current 
is attenuated by slowing down the charging and discharging 

15 operation of a sum of the parasitic capacitors in a logic 
sub-block. 
[0070] 

More specifically, this analysis method generates 
the model of the time division parasitic capacitor series for 

20 each digital sub-block region (configured by the CMOS logic 
circuit) separated by the extra resistance using the above 
described analyzing method, and makes a circuit simulation to 
a circuit comprising the extra capacitor, the extra resistance 
and the model to analyze a source current across the extra 

25 resistance. Also, the source current of the whole digital block 
is provided by a sum of the source currents in the sub blocks. 
The substrate noise is then estimated by analyzing a change in 
the potential caused by the sum of the source currents flowing 
across the line impedance of the source and ground lines. The 

30 division of blocks can be optimized from the source current amount 
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flowing across each sub block and the amount of the substrate 

noise generated in the block. 

[0071] 

(Application 3: Analysis of Electromagnetic Noise) 
5 In an advanced VLSI technology having an increased 

scale and a higher speed operation, a change in the source current 
is relatively large. Thus a fluctuation in electromagnetic 
field could affect peripheral devices and cause to operate in 
error. A loop line formed on the VLSI for the source current 

10 acts as an antenna. A fluctuation of the source current flowing 
through the loop line as an antenna allows an electromagnetic 
wave noise to be emitted. It is generally known that the 
intensity of such electromagnetic wave noise is proportional 
to the first or higher power of a change with time of the current 

15 (dl/dt) . Accordingly, the estimation of such electromagnetic 
wave noise depends essentially on the estimation of the waveform 
of the source current. The above described analyzing method 
of the present invention permits the waveform of the current 
in the LSI circuit to be analyzed at higher accuracy and is thus 

20 applicable to the estimation of the electromagnetic wave noise. 
[0072] 

(Application 4 : Optimizationof anti-noise designing inAD hybrid 
LSI) 

Fig. 10 illustrates a layout blockwhich has an analog 
25 circuit and a digital circuit designed separately and integrated 
together on a single chip in an AD mixed LSI. Performance of 
each circuit guaranteed at design may be declined by effect of 
noises generated when the circuits are activated. It is hence 
desired to provide a method of estimating the actual performance 
30 of each circuit on the AD hybrid chip and reducing the effect 
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of noises so that the actual chip performance meets the designed 
specification. The method of reducing the effect of noises 
includes, for example, isolation of source/ground lines between 
digital and analog circuits , implementation of the de-coupling 
5 circuit, insertion of a guard band between the circuits, 
separation of the operation timing of the circuit on the time 
basis, anti-noise designing for analog circuits, reduced 
switching noise design of digital circuits , and so on. It is 
essential for designing a low noise characteristic of the AD 
10 hybrid LSI to optimize the circuit using the above methods while 
carrying out the substrate noise analysis. 
[0073] 

A flow of reduced noise design of an AD mixed LSI 
using the method of substrate noise analysis according to the 
15 present invention will be described in more detail referring 
to Fig. 9. 
[0074] 

Before stating the description of the flowchart of 
Fig. 9, a library to be referred in the designing of analog and 

20 digital circuits is explained. In common, the designing of the 
AD hybrid LSI employs a library storing data about analog circuits 
designed before and another library storing data about digital 
circuits designed before. Particularly, the library for the 
digital circuits is registered with designing data including 

25 a hardware description model (net list) at the gate level or 
the behavioral or RTL levels as circuit information, the layout 
data, the test vector, and so on. In this application, for use 
of the substrate noise analyzing method, in addition to the 
foregoing data, the model of the time division parasitic 

30 capacitor series for the test vector of each function of the 
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digital circuit is generated and stored to the library. 
[0075] 

Referring to Fig. 9, the procedure starts with 
acquisition of the design specification for AD hybrid LSI (S2 1 ) . 
5 [0076] 

The analog and digital circuits are designed as 
conforming to the design specification (S22) . In the circuitry 
design, the analog and digital circuits which conform to the 
design specification are selected from the library. The analog 

10 circuit may be implemented by partially or entirely modifying 
a circuit selected from the library, or by designing a new circuit 
which conform to the specification and are registered to the 
library after designing . The digital circuit may be implemented 
by using a digital circuit selected from the library or designing 

15 new circuit which is registered to the library after designing. 
When newly designed for satisfying the design specification, 
the designed circuit is first registered to the library and then 
selected. Particularly, in case that the digital circuit is 
newly designed, on verification stage for operation of each 

20 function at the gate level in the designing process of the digital 
circuit, a time division parasitic capacitor series for the 
several kinds of test vectors is generated and then is registered 
to the library. 
[0077] 

25 Then, the designed analog and digital circuits are 

disposed and wired as a block on the layout of a single chip 
(S23) . Simultaneously, the above described method of reducing 
noise is implemented. After the circuits are disposed and wired, 
a sum of the parasitic capacitors of each block and parasitic 

30 impedances on the source line and the ground line are extracted 
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from the layout. Also, the parasitic impedance on a package 
of a chip or a printed circuit board on which a chip is mounted 
is estimated. Then, an equivalent chip circuit of the LSI is 
generated. The equivalent chip circuit comprises one 
5 equivalent circuit representing the layout structure of the chip 
surface which includes locations of circuits and guard bands, 
the source line, the ground line, the wells and the substrate 
contacts, and another equivalent circuit of the semiconductor 
substrate on which these components are mounted. 
10 [0078] 

Then, the functions and the performance of the entire 
chip are examined. For the purpose, the operation of the entire 
chip is analyzed (S24) . Thismay be implementedby a conventional 
method of using the analog/digital hybrid simulation to analyze 

15 digital circuits described in the hardware description and the 
analog circuit including circuit description and hardware 
description. Also, the substrate noise analysis throughout the 
entire chip is carried out to examine the substrate noise reaching 
each circuit, while the noise reduction method is implemented 

20 and optimized (the substrate noise being analyzed with the model 
of the time division parasitic capacitor series stored in the 
library using the above manner) . The digital circuit is replaced 
by the model of the time division parasitic capacitor series. 
Then a static capacitance equal to a sum of the parasitic 

25 capacitance of each block obtained before is connected with the 
parasitic impedances on the source line and the ground line to 
act as a noise source. 
[0079] 

Accordingly, the analog circuit, the noise source, 
30 and the equivalent chip circuit are analyzed to estimate the 
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degradation of the performance of the analog circuit caused by 
the substrate noise. Reflecting the result to analysis of the 
operation of the entire chip structure, the performance of the 
chip can successfully be estimated. 
5 [0080] 

From the result of the analysis, it is judged whether 
or not the functions and performance of the chip conform to the 
design specification (S25) . If the functions and performance 
do not conform to the design specification, the procedure returns 

10 back to the circuit designing step (S22) where the analog and 
digital circuits are reviewed so that the estimated effects of 
substrate noise are reduced to a sufficient level . For example, 
modification of wiring pattern at the block level and insertion 
of the guard band between the blocks is carried out, or the design 

15 of the analog circuit blocks may be modified for increasing 
tolerance against noise. The above steps (S22 to S25) are 
repeated until the performance of the chip structure conforms 
to the design specifications. When the design specification 
are satisfied, the procedure is terminated and moves to the steps 

20 of the succeeding stage. 
[0081] 

As set forth above, the model of the time division 
parasitic capacitor series is registered as one of the design 
data together with the circuit data such as the net list or the 

25 like in the library and allows the substrate noise analysis for 
the digital circuit in the designing of LSI to be performed at 
a higher speed and a more accuracy. This will facilitate the 
optimization of the designing of anti-noise scheme in the 
designing of AD hybrid LSI. 

30 [0082] 
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[Effects of the Invention) 

The source current analyzing method according to 
the invention uses the analysis model expressing the large scale 
digital circuit, as a parasitic capacitor series which includes 
5 a time series of parasitic capacitors each charged temporally 
for each time interval, and a group of parasitic capacitors each 
charged statically. Thus the analysis of the source current 
waveform including a re-distribution of charges throughout the 
digital circuit can be simulated at a higher speed and an enhanced 
10 accuracy. 
[0083] 

In the method, the parasitic capacitor series and 
the group of parasitic capacitors statically charged may be 
assigned for every segment divided at a place at which the 
15 parasitic impedances of the source line and the ground line are 
locally increased. Thus the accuracy of the analysis can be 
improved. 
[0084] 

The length of the time interval for providing a time 
2 0 series of parasitic capacitors maybe set according to a frequency 
of the switching operations of the logic gates in the time interval . 
Thus the speed of analyzing process can be improved. 
[0085] 

For example, the length of the time interval may 
25 be set tobe of shorter as the frequency of the switching operations 
is greater. Thus the analysis operation can be speeded up and 
its result can further be improved in the accuracy. 
[0086] 

In the method, capacitance of the parasitic 
30 capacitor to be charged may be calculated from input and output 
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capacitance of the logic gates in the digital circuit to be 
analyzed, thereby the parasitic capacitor can easily obtained. 
[0087] 

The substrate noise analyzing method according to 
5 the invention uses the analyzing method of the source current 
according to the invention and thus the analysis of a substrate 
noise wave form can be done easily and accurately. 
[0088] 

The semiconductor integrated circuit designing 
10 method according to the invention uses the analyzing method of 
the substrate noise according to the invention, thereby providing 
a preferable low noise design. 
[0089] 

The source current analyzing apparatus according 
15 to the invention uses the analysis model expressing the large 
scale digital circuit, as a parasitic capacitor series which 
includes a time series of parasitic capacitors each charged 
temporally for each time interval, and a group of parasitic 
capacitors each charged statically. Thus the analysis of the 
20 source current waveform including a re-distribution of charges 
throughout the digital circuit can be simulated at a higher speed 
and an enhanced accuracy. 
[0090] 

In the apparatus, the parasitic capacitor series 
25 and the group of parasitic capacitors statically charged may 
be assigned for every segment divided at a place at which the 
parasitic impedances of the source line and the ground line are 
locally increased. Thus the accuracy of the analysis can be 
improved. 
30 [0091] 



40 

(English Translation of JP200 1*26795) 

The length of the time interval for providing a time 
series of parasitic capacitors maybe set according to a frequency 
of the switching operations of the logic gates in the time interval . 
Thus the speed of analyzing process can be improved. 
5 [0092] 

For example, the length of the time interval may 
be set tobe of shorter as the frequency of the switching operations 
is greater. Thus the analysis operation can be speeded up and 
its result can further be improved in the accuracy. 
10 [0093] 

In the apparatus, capacitance of the parasitic 
capacitor to be charged may be calculated from input and output 
capacitance of the logic gates in the digital circuit to be 
analyzed, thereby the parasitic capacitor can easily obtained. 
15 [Brief Description of the Drawings] 

Fig. 1 is a diagram illustrating a source current 
waveform analyzing model used in a method of analyzing the source 
current according to the present invention; 

Fig. 2A is a diagram illustrating parasitic 
20 capacitors in a rise transition state separated into a charged 
capacitor and a discharged capacitor; 

Fig. 2B is a diagram illustrating parasitic 
capacitors in a fall transition state separated into a charged 
capacitor and a discharged capacitor; 
25 Fig. 2C is a diagram illustrating an array of time 

division parasitic capacitors; 

Fig. 3A is a diagram illustrating segmentation; 

Fig. 3B is a diagram of an equivalent circuit 
including the parasitic capacitor series separated into 
30 segments; 
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Fig. 4 is a flowchart of the method of analyzing 
the source current according to the present invention; 

Fig. 5 is a functional block diagram of a source 
current analyzing apparatus according to the present invention; 
5 Fig. 6A is a diagram showing a waveform of the 

substrate noise in a shift register measured using a conventional 
method (full transistor description) (where the parasitic 
impedances of the source and ground lines include serial 
resistance component) ; 
10 Figs. 6B and 6C are diagrams showing waveforms of 

the substrate noise in a shift register measured, in a first 
application, using the source current analyzing method of the 
present invention (where the parasitic impedances of the source 
and ground lines include serial resistance component) ; 
15 Figs. 7A and 7B are diagrams illustrating actually 

measured waveforms of the substrate noise in a first application; 

Figs. 8A and 8B are diagrams showing waveforms of 
the substrate noise in a shift register measured, in a first 
application, using the source current analyzing method of the 
20 present invention (where the parasitic impedances of the source 
and ground lines include serial inductance component) ; 

Fig. 9 is a flowchart for optimizing the substrate 
noise tolerant designof AD hybrid LSI with theuseof the substrate 
noise analysis of the source current analyzing method of the 
25 present invention; and 

Fig. 10 is a diagram showing an example of AD hybrid 

LSI . 

[Reference Numerals] 

11 input section, 12 circuit node connection 
30 analyzer, 13 switching operation recorder, 14 time division 



42 

(English Translation of JP200 1*26795) 

parasitic capacitor series model generator, 15 source current 
analyzer, 21 recording means for load capacitance table, 23 
recording means for switching operation, 25 recording means for 
time division parasitic capacitor series table/netlist , C C ht 
capacitor to be charged in a rise transition, C C hj capacitor to 
be charged in a fall transition, Z d parasitic impedance of power 
supply line, and Z g parasitic impedance of ground line. 
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[Document Name] Abstract 
[Problems to be solved] 

The invention provides a method of analyzing a source 
current at a higher speed and an enhanced accuracy in a 
5 semiconductor integrated circuit including a digital circuit. 
[Means for solving the problems] 

According to the method to analyze a waveform of 
the source current, with consideration of re-distribution of 
charges throughout the digital circuit in the semiconductor 
10 integrated circuit, expressed is the digital circuit with series 

of parasitic capacitors Sc chf T (nT) and Sc ch ,i (nT) to be charged 
and connected between the source and the ground lines, the 
capacitor series being calculated in time series based on the 
distribution of switching operations of the logic gates included 

15 in the digital circuit. An analysis model is defined by 
connecting the parasitic capacitor series with a couple of 
respective parasitic impedances Z d and Z g of the source line 
and the ground line. The waveform of the source current in the 
digital circuit is calculated by using the analysis model. 
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